• Body weight is relatively stable despite large daily variations in food intake. 9
Short and long-term energy intake patterns and their implications for H I G H L I G H T S 7 8 • Body weight is relatively stable despite large daily variations in food intake. 9 • Over the years, millions of kilocalories are consumed but only thousands are stored. 10 • Mathematical models show that body weight regulation may not require precise control of day-to-day food intake. 11 • We describe promising new methods to monitor diet adherence and control body weight. 
28
Adults consume millions of kilocalories over the course of a few years, but the typical weight gain amounts to 29 only a few thousand kilocalories of stored energy. Furthermore, food intake is highly variable from day to day 30 and yet body weight is remarkably stable. These facts have been used as evidence to support the hypothesis 31 that human body weight is regulated by active control of food intake operating on both short and long time 32 scales. Here, we demonstrate that active control of human food intake on short time scales is not required for 33 body weight stability and that the current evidence for long term control of food intake is equivocal. To provide 34 more data on this issue, we emphasize the urgent need for developing new methods for accurately measuring 35 energy intake changes over long time scales. We propose that repeated body weight measurements can be 36 used along with mathematical modeling to calculate long-term changes in energy intake and thereby quantify 37 adherence to a diet intervention and provide dynamic feedback to individuals that seek to control their body 38 [18] which may indicate that food intake is actively controlled.
173
Another example that may provide support for the long-term active con-174 trol of human food intake is that energy intake has been estimated to re-175 turn to baseline shortly after instituting a diet intervention resulting in 176 weight loss [9, 12] as illustrated in the computational model simulations 177 depicted in Fig. 2 where a 100 kg individual was prescribed a reduced 178 calorie diet of 750 kcal/day that was predicted to lead to weight loss fall- 
Measuring energy intake changes over long time scales 198
Self-reported measurements of human energy intake (e.g., 24 can be used to calculate the diet and physical activity changes required 248 to achieve and maintain a specified weight loss target [12] . After the 249 weight management intervention is specified and initiated, monitoring A prescribed 750 kcal/day reduction in baseline energy intake was predicted to result in a body weight trajectory falling within the green curves. However, weight loss typically plateaus after 6-8 months and is often followed by slow regain. (B) The gray curve shows the simulated daily energy intake changes underlying the body weight trajectory. The red curve is the 28 day moving average and the filled black circles and blue curves are the estimated average energy intake and its 95% confidence interval calculated using only the body weight data. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
patients could be facilitated using mHealth technologies that allow for We begin our analysis with the energy balance equation where the 305 rate of change in stored body energy is given by the difference between 306 the metabolizable energy intake rate I and the energy expenditure rate.
307
We previously developed and validated a mathematical model of 308 human energy expenditure that included resting metabolic rate, ther-309 mic effect of feeding, tissue deposition and turnover costs, and adaptive 310 changes of energy expenditure with over and underfeeding [10, 31, 32] .
311
Using our model of energy expenditure, we demonstrated that the ener-312 gy balance equation is [10] :
where W is the body weight, I is the energy intake rate, γ L and γ F are the regression coefficients relating resting metabolic rate versus lean mass
315
(L) and fat mass (F), respectively [33] . Physical activity energy expendi- sue turnover and deposition [35] assuming that the change of L is pri-321 marily accounted for by body protein and its associated water [36] .
322
The parameter α represents the relationship between changes of lean 323 and fat mass: α ≡ dL/dF [37] and b is a constant that defines the steady 324 state body weight. Fig. 3 . Schematic of a method for personalized model-based feedback control of body weight. Using individual anthropometric and demographic data, a personalized mathematical model of metabolism is created to plan a lifestyle intervention to achieve a goal body weight in a specified time frame. By monitoring body weight and physical activity repeatedly, adherence to the intervention can be calculated and used iteratively to provide quantitative feedback regarding revised body weight predictions or changes in the prescribed intervention required to achieve the body weight goal. 
